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Abstract.  In  this  paper  we  suggest  Near-field  configuration  Radio-frequency  Modulated  light 
Reflectance  technique  (NRMR).  NRMR  spectra  from  GaAs/AlGaAs  heterostructure  were  exper- 
imentally obtained.  These  spectra  demonstrate  a dramatic  change  in  the  reflectance.  We  have 
shown  that  the  near-field  radio-frequency  perturbation  are  transferred  along  the  heterostucture 
plane  over  extremely  large  distances  which  may  be  as  large  as  several  millimeters. 


1 Introduction 

Recently,  Radio-frequency  Modulated  Reflectance  (RMR)  was  proposed,  as  a novel 
optical  modulation  spectroscopy  of  semiconductor  structures  [1]  and  its  great  promise 
was  shown  at  low  temperatures  with  respect  to  traditional  methods,  such  as  photolu- 
minescence (PL),  electroreflectance  and  photoreflectance  (PR).  RMR  principle  is  in 
the  radio-frequency  (rf)  or  microwave  electric  field  effect  on  a light  reflection  from  the 
structure.  The  effect  of  NRMR  is  due  to  influence  of  a local  rf  field  formed  by  elec- 
trodes one  of  which  is  much  smaller  then  rf  wavelength  on  a heterostructure  dielectric 
permeability.  Being  locally  enhanced  rf  electric  field  excites  the  sample  much  stronger 
than  in  RMR  case.  Earlier  we  have  observed  a large  lateral  photo-perturbation  propa- 
gation in  GaAs/AlGaAs,  registered  by  local  PL  and  PR  measurements  [2],  The  NRMR 
perturbation  spreads  far  more  than  the  photo-excited  charges  and  fields  do  [2-4], 

2 Experimenl 

We  investigated  GaAs/AIvGai  _.vAs  heterostructures  with  two  dimensional  electron  gas 
grown  by  molecular  beam  epitaxy  with  parameters  commonly  used  in  high  electron 
mobility  transistors  (Fig.  1).  To  provide  near-field  radio-frequency  perturbation  sample 
was  placed  between  plane  electrode  (pel,  1 cmx  1 cm)  and  cylindrical  electrode  (cel, 
0 100  /z m)  (Fig.  2).  20  MHz  rf  voltage  was  applied.  Amplitude  of  if  voltage  was 
modulated  at  2 kHz.  Reflectance  was  measured  by  means  of  optical  fibers  FI  and  F2. 
All  experiments  were  carried  out  at  the  temperature  T = 77  K,  rf  voltage  300  V and 
spectral  resolution  0.7  meV. 

Fig.  3 shows  the  scheme  of  the  experimental  set-up  which  we  have  used  to  investigate 
the  NRMR  effects  (Fig.  3).  Lamp  (L)  light  is  focused  into  the  fiber  FI.  Receiving  fiber 
F2  guides  light  reflected  from  the  sample  surface  to  the  spectrometer.  Photodetector 
(PD)  registers  both  dc  and  ac  signals.  Then  ac  signal  is  processed  bymeans  of  the 
lock-in  amplifier,  low-frequency  generator  (If),  rf  high-voltage  generator  (rf)  and  time 
delay  circuit  (tD). 
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Nanostructure  Characterization  and  Novel  Atomic-Scale  Probing  Techniques 
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Fig.  1.  Schematic  cross  section  of  modulation  Fig.  2.  Electrodes  and  optical  fibers  spatial 
doped  heterostructure.  arrangement. 


Fig  3.  Experimental  set-up. 


3 Results  and  discussion 

Fig.  4 shows  the  NRMR  spectrum  obtained  when  the  probing  light  spot  was  separated 
from  the  cylinder  electrode  by  the  distance  X ~ 2 mm.  The  change  in  the  reflectivity 
exceeds  4%  in  the  energy  region  of  GaAs  band  gap  (1.508  eV).  RMR  spectrum  (mul- 
tiplied by  a factor  10  for  comparison  in  Fig.  4)  was  formed  at  the  same  voltage  as  for 
NRMR  but  applied  to  capacitor  plane  electrodes  producing  homogeneous  perturbation. 
RMR  spectrum  shape  was  described  quantitatively  by  a model  of  [1]  which  takes  into 
account  the  modulation  of  the  internal  homogeneous  electric  fields.  But  NRMR  spec- 
trum is  obtained  in  strong  non-homogeneous  field.  In  this  case  NRMR  spectrum  shape 
is  described  qualitatively  by  model  in  [1]  for  interband  transition  near  to  M0  critical 
point.  The  broadening  of  NRMR  spectrum  part  at  E < Eg  is  explained  by  heating 
effects  of  two-dimensional  electron  gas  in  the  external  rf  field. 

Changing  the  probing  light  intensity  from  1 mW/cm2  to  100  mW/cm2  did  not  mod- 
ify the  spectrum  significantly.  As  the  intensity  was  increased  from  100  mW/cm2  to 
1 W/cm2,  respective  optical  response  diminished  and  became  non-linear  with  respect 
to  rf  amplitude.  In  the  case  of  strong  probing  light  intensity  the  out-of-phase  component 
of  NRMR  response  becomes  considerable.  Shown  in  Fig.  5 are  two  spectra  (in  one 
scale)  obtained  at  the  same  external  conditions.  But  the  former  (thin  line)  was  obtained 
synchronously  with  the  perturbation  modulation  signal,  the  latter  (thick  line)  was  ob- 
tained with  90°  phase  shift,  which  corresponds  to  125  /i sec  time  delay.  It  means  that 
the  heterostructure  optical  properties  are  changed  with  respect  to  rf  perturbation  ap- 
pearance moment  not  only  simultaneously  but  also  with  a some  time  delay.  It  validates 
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Fig  4.  RMR  and  NRMR  spectra,  probing  light  intensity  1 mW/cm2. 


Fig  5.  Phase  dependence  of  NRMR  spectrum  with  probe  intensity  1 W/cm2. 

the  multi-region  GaAs  buffer  layer  model  suggested  in  [1],  Measuring  the  two  NRMR 
spectra  shifted  one  to  another  by  phase  of  90°  permits  one  to  investigate  the  charge  car- 
riers transposition  in  layer.  Strong  effect  of  modulated  near-field  on  a light  reflectance 
gives  a new  possibilities  in  the  design  of  appropriate  high-speed  optical  modulators, 
with  reflected  beam  profile  being  controlled. 
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